2 solubility of naproxen in some choline based deep eutectic solvents at T 3 = (298.15-313.15) K ABSTRACT 9 Background: To increase the low solubility of naproxen (NAP), deep eutectic solvents (DESs) based 10 on choline chloride (ChCl) with glycerol (G) and oxalic acid (OA) as new class of solvents have been 11 used up to 0.9 mole fraction of DES at T = (298.15 to 313.15) K.
Introduction 27 28
It is well-known that the solubility data play an important role in optimizing the crystallization 29 procedure and improving the purity and yield of drugs manufacturing. Therefore, it is necessary to where M i and w i are the molecular weight and mass fractions of i component in the saturated solution, One of the most important issue in the pharmaceutical science is knowledge of the drugs 91 solubility, because it allows scientists and engineers to select appropriate solvents for drug 92 manufacturing processes. In this regard, through a solid-liquid equilibrium (SLE) framework, the 93 following equation is obtained 22 (3) is related to the hard-core collision diameter, or distance of closest approach of ions in 108 solution. The value of ρ = 14.9 has been regularly used for aqueous electrolyte solutions 31 . 109 Electrolyte-NRTL model 110 One of the most commonly used activity coefficient based thermodynamic model for industrial 111 systems is the electrolyte-NRTL model (e-NRTL) by Chen (1982) 32 and Chen and Evans (1986) 33 .
112
For each species, the activity coefficient is the sum of the Pitzer-Debye-Hückel contribution and the 113 NRTL contribution 32 .
with interaction parameters as . 
where is the binary interaction parameter which are related to the pure-component molar volumes, ij  118 , and to characteristic energy, , differences by:
The Universal Quasi-Chemical theory, from which the UNIQUAC model is derived, can be 121 expressed in terms of the activity coefficients as. The UNIQUAC equation 23 contains adjustable 122 interaction parameters and is written as: 
The standard molar Gibbs energy of the dissolution process, can be calculated
where the intercept used is that obtained in plots of lnx 1 versus (1/T -1/T m ). The 154 standard molar entropy of dissolution is also obtained from the following equation 34 :
The and identify as the comparison of the relative contributions to the standard molar
Gibbs energy by enthalpy and entropy in the dissolution process, respectively are expressed as follows Table 5 . The results in this table indicate that the mole fraction solubility of NAP in 168 ethanol + water mixture at each temperature and the same co-solvent weight fraction (w 3 = 0.9) 40 is 169 slightly higher than its value compared to ChCl/OA. The solubility values of NAP in aqueous PEG 170 200 solutions however are higher than our obtained values and w 3 = 0.9 41 . But the advantage of using 171 DESs is that they are more sustainable and environmentally friendly solvents for pharmaceutical 172 industry.
173

Modeling results
174
In the next step, the solubility data of NAP in the aqueous solutions were correlated with the 175 activity coefficient models including Wilson, NRTL and UNIQUAC models. The modeling results are 176 summarized in Table 4 . The corresponding parameters for used models are given in Table 6 and the 177 calculated ARD% values are given in Table 7 for used models in this work. Thus, the proficiency of 178 these models in correlation of the experimental solubility data can be ordered as Wilson> UNIQUAC 179 > NRTL for systems.
180
Thermodynamic properties of dissolution results
181
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